Pollinating insects and pollinator dependent plants are critical components of functioning ecosystems yet, for many U.S. Department of Defense (DoD) installations, the identities and relationships between pollinators and plants are unknown. This study demonstrated methods for compiling and analyzing readily available information for insect pollinators and pollination dependent plants for a single installation, Fort McCoy, WI. Although installation documents identified a total of 1470 insect species and 972 plant species were identified on the installation, this work focused on species of conservation concern (nine pollinator insect species and three pollinator-associated plant species). Published information on insect pollinators and pollination dependent plants was then used to conduct a basic plant-pollinator network analyses using free analytical network software (software package R), which revealed that all the plant species of conservation concern are pollinated by several insect pollinator species. However, many pollinator insect species of conservation concern were associated with a limited number of host plant species. The results of this work suggest that analyses that rely on publicly available information provide a useful starting point in determining basic, binary plant-pollinator relationships. Field-collected data, e.g., frequency of pollinator-plant interactions, would be required for a more detailed, robust network analysis.
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Introduction

Background
Pollinators and pollinator dependent plants are critical components of functioning ecosystems (Cane and Tepedino 2001) . Nearly 88% of extant flowering plant species are dependent on animal pollinators, including many agricultural plants (Ollerton et al. 2011) . The recent declines of pollinator species, particularly bees, have received global attention (Biesmeijer et al. 2006 , Potts et al. 2010 ) and the dire consequences of these declines have been well documented in the scientific literature (Meffe 1998; Kevan and Phillips 2001) . While the attention has led to a proliferation of research on the topic, much is still unknown. For many systems, basic information, such as the identities and relationships of plants and pollinators, has not been explored.
For the U.S. Department of Defense (DoD) and the Army, information on plant-pollinator interactions can be critical for a number of reasons. Numerous federally listed threatened/endangered species are dependent on plant-pollinator interactions, either because the listed species is a pollinator species or is dependent on one. Currently, approximately 75% of 296 species at risk (SAR) flowering plants on installations are pollinator dependent (NatureServe 2011). Thus, the number of federally listed threatened/endangered species is likely to grow. Federally listed species on military lands can incur substantial costs to the military, both in terms of management costs, and more importantly, in the costs associated with reduced ability to train (DoD 2014 , Lachman 2013 . Further, the Army has an obligation to maintain range lands so that troops can "train as they fight."
The importance of pollinators in their role for ecosystem service, and the concern over their recent declines, has led to a variety of initiatives aimed at pollinator conservation on military lands (Anderson and Bailey 2010 
Study Objectives
The overall objectives of this study were to: (1) identify and compile information on pollinating insect fauna and pollinator dependent flowering plants for Fort McCoy, WI, (2) identify which of the species are considered species-at-risk (based on NatureServe Global Conservation Ranking [www.natureserve.org]), and (3) demonstrate methods for basic plant-pollinator network analyses for those at-risk species.
Scope
Although the scope of this research was limited to Fort McCoy, WI, it is anticipated that the results of this work will be broadly applicable to other DoD installations.
Approach
The study was conducted using currently available sources including scientific (and gray) literature, web-based information (including electronic databases), and field guides. A database was constructed that included occurrence data for insect pollinators, flowering plants, and likely interactions/dependencies between the two. Basic network analyses were conducted to evaluate number and strength of relationships between insect pollinators and dependent flowering plants for imperiled species. The following tasks were completed: 
Methods
To determine the species that would be included in the network analyses, a database was created of all insect and plant species present on our focal installation, Fort McCoy, WI. In this case, the Fort McCoy Integrated Natural Resource Management Plan (Forster et al. 2012) provided compiled lists of all species found on the installation. Native bees likely to occur on Fort McCoy were also added to the database of insect pollinator fauna because these species were absent from the Fort McCoy Integrated Natural Resources Management Plan. For general application of these methods, county level species occurrence data is available from a variety of sources (e.g., http://explorer.natureserve.org).
Because installations give highest priority to at-risk species, this work focused only on plant/pollinator species of conservation concern. NatureServe Global Conservation Status Ranks were used to classify species according to their vulnerability to extinction. Only species with Global Ranks of G1 (critically imperiled), G2 (imperiled), or G3 (vulnerable) were included in the network analyses. * Species that were not assigned ranks by NatureServe (e.g., hybrids) were not included in analyses. The reproductive mode of species identified as at-risk was then determined. Insect species that are not pollinators and plant species that are not pollinator dependent were excluded.
For the reduced list of species, likely plant-pollinator pairs were identified based on an extensive literature review. For plants, in order of specificity, each species was classified by its pollinator syndrome category, † general pollinators (e.g., bees), specific pollinator species, and then pollinator species present on Fort McCoy. Similarly, for pollinators, each species was classified by its pollinator syndrome category, general plant associations (e.g., legumes), specific plant species association, and the associated plant species on Fort McCoy.
Network analyses are a common tool used to examine relationships and connectedness in plant-pollinator systems. A large body of literature is * For more information on Global Conservation Status Ranks, see NatureServe (2015), http://explorer.natureserve.org/granks.htm † Pollinator Partnership (2006) , http://www.pollinator.org/Resources/Pollinator_Syndromes.pdf ERDC TN-16-1 available on many aspects of plant-pollinator networks including geographic variation of networks (Olesen and Jordano 2002) , influences of climate change , Heglan et al. 2009 ), effects of invasive species (Lopezaraiza-Mikel et al. 2007; Bartomeus, Vilà, and Santamaría 2008) and temporal variation in network properties (Basilio et al. 2006; Alarcón, Waser, and Ollerton 2008) . Binary networks, in which identities of plant-pollinator pairs are identified, allow basic analyses of connectance (e.g., number of links). Quantitative networks, those that incorporate frequencies of interaction, allow more refined analyses of specialization (Blűthgen, Menzel, and Blűthegen 2006) . A detailed quantitative network would require extensive data collection on interaction frequencies and sampling intensity, an effort that is beyond the scope of this project. This work presents a very simple binary network to demonstrate how network analyses can be used for plant-pollinator management. The "bipartite" package library in Program R (Dormann, Gruber, and J. Fründ. 2008; Dormann et al. 2009 ) was used to analyze the Fort McCoy plant-pollinator network. Appendix B to this report includes annotated code; Appendix C provides an example of how to format data for the analyses.
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Results
The Fort McCoy Integrated Natural Resource Management Plan (Forster et al. 2012 ) identified 1470 insect species and 972 plant species that are found on the installation. Of those, nine pollinator species were considered at-risk (all with global ranking of G3) and three pollinator-associated plant species were considered at-risk (G1 -G3; Table 3-1).
All of the identified plant species of conservation concern are pollinated by numerous pollinator species that are found on Fort McCoy. Known pollinator of Panax quinquefolius (American Ginseng) are halictid sweat bees and syrphid hover-flies (Duke 1980) , both of which have representatives on McCoy. Known pollinators of Trifolium amoenum (Showy Indian Clover) include bumblebees (Bombus spp.) (Knapp and Connors 1999) and Eurybia furcata/Aster furcatus (Forked Aster) is pollinated by a wide variety of pollinator groups (Hilty 2015) , many with numerous species present on Fort McCoy (Table 3- 
1).
Many of the pollinator species of conservation concern are associated with a limited number of host plant species. Nearly all of the pollinator species of conservation concern on Fort McCoy were associated with a single genus or species of host plant. In particular, the Karner Blue Butterfly, a federally endangered species, is dependent on Lupine, of which only one species, Lupinus perennis, is present on Fort McCoy (Figure 3-1) . 
Discussion
The identification of plant-pollinator interactions is a key step in the conservation of species dependent on this mutualistic relationship. In depth examinations of plant-pollinator relationships can yield important insights into many aspects of these interactions. Furthermore, an understanding of plant-pollinator relationship at the community level rather than at the individual species level is pertinent as most pollinators and pollinator dependent plants are generalists. Pollination network analysis is one method that enables the examination of plant-pollinator interactions at the community level. A simple pollination network can be created via a binary network in which both pollinators and plants are nodes and the plantpollinator interactions form the links between the nodes. Although far from comprehensive, an extensive amount of data is readily available on the distribution of plants and pollinators and their potential relationships.
While the information gathered from publically available sources is useful, it may be incomplete. Detailed information on interaction patterns between pollinators and plants is available for only a limited number of species, likely because it can be very time intensive and costly to identify these interactions. This work compiled readily available information to construct a database of plant-pollinator species and relationships at Fort McCoy, WI, and created binary plant-pollinator networks using that information. The objective here was to demonstrate how and where to find data on plants and pollinators, and to provide a framework for analyzing plantpollinator networks to, ultimately, help manage these plant-pollinator communities.
This effort used published plant and insect species lists for Fort McCoy that were identified in the installation's Integrated Natural Resource Management Plan. For installations/regions where species lists have not already been compiled, county level species occurrence data is available from a variety of sources (Appendix A). However, even with the detailed species lists available for Fort McCoy, only general pollinator information (e.g., bees) was available for the majority of plants species. Although many of these species are likely pollinated by a wide suite of pollinator species, more detailed information on the frequency of interactions among species would be valuable. For example, more detailed research such as field collected data documenting plant visitation by pollinators, analysis of pollen loads present on insects or use of insect traps, would strengthen the conclusions drawn from a network analysis.
Nearly all of the pollinator species of conservation concern on Fort McCoy were dependent on a single genus or species of host plant. This specificity of host plant requirement is likely a contributing factor behind the population declines for co-evolved species. On Fort McCoy, two of the pollinator species of concern, the Frosted Elfin Butterfly and Karner Blue Butterfly, are dependent on Lupine species, highlighting the important role that Lupine plays in plant-pollinator networks on this site. As part of their strategy for Karner Blue conservation, Fort McCoy has engaged in numerous management actions aimed at increasing the Lupine population on the installation (Forster et al. 2012 ). This proactive management of both pollinators and their associated host plants provides an effective example of the types of management strategies that can be accomplished when detailed information is available on plant-pollinator relationships.
Although this work conducted its network demonstration using Program R, many statistical programs are available for similar analyses. The bipartite package in Program R was found to be user friendly and easily adaptable to the dataset and questions of interest. Although the data available were only sufficient for a simple binary network analysis, additional packages in Program R allow for more complex network analyses if more detailed data were available. Appendix B to this report includes sample (annotated) Program R code; Appendix C provides a dataset for ease of replication.
There are more than 20 threatened and endangered species of pollinators on military installations (ref. DoDPollinators.org). In addition, there are 222 SAR angiosperms on military installations, many of which are dependent on pollination services. The identification of pollinator-angiosperm interactions is essential to the preservation of the overall ecosystem health and biodiversity. This study provided information specific to pollination ecology for Fort McCoy in terms of plant/pollinator association. However, the information and methods described here have DoD-wide significance in that they may potentially prevent further pollinator and flowering plant declines on other installations. Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing this collection of information. 
